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Reinforced concrete is a complicated material to be modeled within finite element packages [4] . A proper inite element model should inevitably be capable of representing both the elastic and plastic behaviour of concrete in compression and If the finite element method is to be a useful tool in the design of reinforced concrete flat es, accurate modeling is a pre-requisite Accurate modeling involves understanding the important relationships between the physical world and the analytical simulation. The importance of accurately modeling boundary conditions should mated or neglected in the analysis of any structure, particularly reinforced concrete flat ABAQUS is a powerful and comprehensive tool which provides the user with a powerful modeling extensive library of material models, nsive meshing environment, comprehensive contact modeling capabilities, advanced analysis which include linear, nonlinear and robust multiphysics , high performance computing, best-in-class visualization capabilities, and analysis using specialized techniques. This work presents the FEA modeling of the requirements of compression reinforcements in raft foundations using ABAQUS. The model help confirm and provide a valuable supplement to the theoretical design. For validation, a reinfo concrete raft foundation is modeled conventionally designed according to Eurocode [6] provisions. The results indicate that there is differential settlement within the raft foundation based on the settlement and stress patterns obtained from the finite element model (FEM). This is followed by the addition of compression reinforcement from 0.1% to 0.9% based on the cross sectional area of the raft slab until uniform settlement is obtained. 
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, and analysis using This work presents the FEA modeling of the requirements of compression reinforcements in raft . The model helps to provide a valuable supplement to the . For validation, a reinforced s modeled which is conventionally designed according to Eurocode [6] The results indicate that there is differential settlement within the raft foundation patterns obtained . This is followed the addition of compression reinforcement from 0.1% to 0.9% based on the cross sectional area of the raft slab until uniform settlement is obtained.
SIMPLE RAFT FOUNDATIONS SIMPLE RAFT FOUNDATIONS SIMPLE RAFT FOUNDATIONS SIMPLE RAFT FOUNDATIONS
raft foundation is conventionally The raft consists of eight column loads with four corner and four internal loads of an office building. All the corner columns carry a load of 458.33KN each and internal columns carry 666.66KN each. Each column has an area of 0.5m by 0.5m. The assumed bearing capacity of the soil is 100KN/m 2 and is assumed to be distributed linearly. Soil density is assumed to be firm with two or more types of soil forming the sub foundation is calculated as 75m 5m by 15m is chosen for the foundation. The number and area of reinforcements are derived using the most critical values of the shear forces and bending moments. Compression reinforcement is then added to the design at various percentages ranging from 0.1% to 0.9% of the cross sectional area of the raft slab.
FINITE ELEMENT ANALYSIS FINITE ELEMENT ANALYSIS FINITE ELEMENT ANALYSIS FINITE ELEMENT ANALYSIS
The size and dimension of the soil layer and raft foundation model adopted for analysis can be seen in the diagram shown in Figure 2 . Figure 1 : Reinforcement detailing of the designed raft foundation Figure 2 : Raft foundation and soil layer configuration adopted for the finite element analysis. 17H08-300T 17H20-300B
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internal loads of an office building. All the corner columns carry a load of 458.33KN each and internal carry 666.66KN each. Each column has an area of 0.5m by 0.5m. The assumed bearing capacity of and is assumed to be distributed linearly. Soil density is assumed to be firm with two or more types of soil forming the sub-soil. The area of the foundation is calculated as 75m 2 and a dimension of 5m by 15m is chosen for the foundation. The number and area of reinforcements are derived using the most critical values of the shear forces and bending Compression reinforcement is then added to the design at various percentages ranging from 0.1% to 0.9% of the cross sectional area of the raft slab. The 3D deformable solid parts involved in the analysis consist of the soil layer, concrete slab and steel reinforcements. The dimensions of the steel reinforcements used are obtained from the foundati design as seen in Figure 1 while the dimension of the soil layer and the slab can be seen in Figure 2 . Figures  3 to 9 show the stepwise modeling of the foundation raft and components in ABAQUS. 
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3D deformable solid parts involved in the analysis consist of the soil layer, concrete slab and steel reinforcements. The dimensions of the steel reinforcements used are obtained from the foundation design as seen in Figure 1 while the dimension of the soil layer and the slab can be seen in Figure 2 . Figures  3 to 9 show the stepwise modeling of the foundation soil, concrete and steel are used to define the properties of the parts in the model. Soil, concrete and steel sections are then created using these properties and the sections assigned to the individual parts accordingly. An elastic material is us an isotropic hardening rule. one to model the stiffness effects of a distributed support without actually modeling the details of the support [7, 8] . compressive strength of 45MPa is assigned to concrete part. A plastic strain of 0.0035 and a density of 2400kg/m 3 are also assumed for the concrete. The Young's modulus and Poisson's ratio are taken to be 36GPa and 0.2 respectively. An elastic, perfectly plastic material is used for the reinforci reinforcing bars are 3D solid elements embedded in the concrete. They exhibit an elastic and transfer of loads to the concrete through the reinforcements is achieved by introducing tension stiffening to the concrete model. The element option is used to model the interaction/bond between the concrete and reinforcing bars. The reinforcing bars are the embedded elements while the concrete slab is the host element. A solid homogeneous steel section is assigned to the reinf isotropic hardening. The steel is assigned a tensile strength and strain of 500MPa and 0.003 respectively. The density of steel is taken as 7850kg/m modulus and Poisson's ratio of 200GPa and 0.3 are assigned to the reinforcemen Linear hexahedral elements of type C3D8R in ABAQUS are used in defining the mesh for the entire assembly. This fine mesh will help in improving the accuracy of the results obtained after the analysis.
Elastic soil, concrete and steel are used to define the properties of the parts in the model. Soil, concrete and steel sections are then created using these properties and the sections assigned to the individual parts accordingly. An elastic material is used for the soil with an isotropic hardening rule. Elastic foundations allow to model the stiffness effects of a distributed support without actually modeling the details of the Figure 7 : Interaction between concrete slab and oil surface
The soil material is assumed to have a density of and is assigned a Poisson's ratio of 0.3. Foundation stiffness per area of 100×10 3 N/m 2 is applied to the top surface of the soil layer. A compressive strength of 45MPa is assigned to the concrete part. A plastic strain of 0.0035 and a density are also assumed for the concrete. The Young's modulus and Poisson's ratio are taken to be 36GPa and 0.2 respectively. An elastic, perfectly plastic material is used for the reinforcing bars. The reinforcing bars are 3D solid elements embedded in the concrete. They exhibit an elastic-plastic behavior and transfer of loads to the concrete through the reinforcements is achieved by introducing tension stiffening to the concrete model. The embedded element option is used to model the interaction/bond between the concrete and reinforcing bars. The reinforcing bars are the embedded elements while the concrete slab is the host element. A solid homogeneous steel section is assigned to the reinforcing bars with isotropic hardening. The steel is assigned a tensile strength and strain of 500MPa and 0.003 respectively. The density of steel is taken as 7850kg/m 3 . A Young's modulus and Poisson's ratio of 200GPa and 0.3 are assigned to the reinforcements respectively. Linear hexahedral elements of type C3D8R prescribed in ABAQUS are used in defining the mesh for the entire assembly. This fine mesh will help in improving the accuracy of the results obtained after the analysis. Figure 8 : Discretization of structure into elements and nodes.
Concentrated loads and boundary conditions are applied to the assembly on the surfaces of the parts.
The loads are applied on the surface of the nodes of the concrete slab. Four edge loads and four internal loads are applied with magnitudes of 458.33×10 666.66×10 3 N respectively. The loads are applied along the y-axis and are given a negative value for downward action. An encastre boundary condition (U1 = U2 = U3 = UR1 = UR2 = UR3 = 0) is applied to the sides and bottom of the soil block which restricted moving or rotating in all directions. The top surface of the soil layer is not restricted and is allowed to deform in all directions. The edges of the slab are assigned a boundary condition in the form of YASYMM (U1 = U3 = UR2 = 0) which only allows movement along the y axis and rotation along both x-axis and z of this is to allow the raft foundation to deform in the direction of the loads. There are two steps involved in this analysis; the initial and the created "slab load step". Interactions are created in the initial step while loads and boundary conditions are created and applied in the slab load step. The slab load step has a maximum number increments. The initial increment size is 1, the minimum 1E-005 and the maximum 1. A set of field output and history output requests are created in the slab load step. A full analysis job is created, submitted and run with results obtained. The analysis is repeated for models with additional amount of compression reinforcement; the additional amount ranging from 0.1% to 0.9% of the cross sectional area of the raft slab.
of structure into elements and Concentrated loads and boundary conditions are applied to the assembly on the surfaces of the parts.
The loads are applied on the surface of the nodes of the concrete slab. Four edge loads and four internal loads pplied with magnitudes of 458.33×10 3 N and N respectively. The loads are applied along axis and are given a negative value for downward
An encastre boundary condition (U1 = U2 = U3 = UR1 = UR2 = UR3 = 0) is applied to the sides and ottom of the soil block which restricted it from moving or rotating in all directions. The top surface of the soil layer is not restricted and is allowed to deform in all directions. The edges of the slab are assigned a SYMM (U1 = U3 = UR2 = 0) which only allows movement along the yaxis and z-axis. The aim of this is to allow the raft foundation to deform in the Figure 9 : Applied loads and boundary conditions are two steps involved in this analysis; the initial ". Interactions are created in the initial step while loads and boundary conditions are created and applied in the slab load step. The slab load step has a maximum number of 100 increments. The initial increment size is 1, the 005 and the maximum 1. A set of field output and history output requests are created in the slab load step. A full analysis job is created, submitted and run with results obtained. The lysis is repeated for models with additional amount ; the additional amount ranging from 0.1% to 0.9% of the cross sectional area [7] . The analysis shows that there are no Von Mises stresses within all the raft foundation models. The contour blue indicates zero Von Mises stresses and hence, it is an indication that the foundation is stable after the deformation caused by the applied loads. Hencky-Von Mises criterion for ductile failure [7] . The analysis shows that there are no es stresses within all the raft foundation models. The contour blue indicates zero Von Mises stresses and hence, it is an indication that the foundation is stable after the deformation caused by On the basis of the study carried out, the following
The variation of the amount of reinforcement in compression and tension in a raft foundation plays a significant role and affects the moments and deformations of the foundation. Compression reinforcement is effective in providing resistance against differential settlement in a reinforced concrete raft ettlement estimates of a foundation is the best guess of the footing deformation after a load has as proved from the nodal representations of elements in the finite element 
